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Abstract 

Fraxinus pennsylvanica Marsh. (Oleaceae) woodlands are an important habitat for conservation of 
biological diversity on the Northern Great Plains. Many F. pennsylvanica woodlands appear to lack tree 
regeneration; however, little is known about the mode of recruitment in these stands. I sampled species 
composition, seedling density and the extent of vegetative recruitment of F. pennsylvanica for 17 stands 
in east-central Montana. Stand age distributions indicate that recruitment during the past 50 years has 
been greatly reduced compared to the previous 50 years. Detrended Correspondence Analysis identified 
a strong gradient in species composition positively associated with canopy cover of tall shrubs and mean 
annual precipitation and negatively associated with exotic grasses. Seedling recruitment of F. pennsyl¬ 
vanica was more common in stands with high DCA scores. The frequency of multi-stem tress indicated 
that at least 30% of F. pennsylvanica trees arose vegetatively. Rejuvenating sparse F. pennsylvanica 
woodlands should include both vegetative and seedling tree recruitment. Burning and/or cutting old, 
diseased trees with sparse canopies could create more vigorous stands once the sprouts have matured. 
Shadier habitat of such stands may encourage seedling recruitment by reducing the vigor of sod grasses. 


Fraxinus pennsylvanica Marsh woodlands are 
found along small-order drainages and on moist, 
cool slopes throughout much of the eastern third of 
Montana as well as most of the Northern Great 
Plains. Although F. pennsylvanica woodlands com¬ 
prise only a small proportion of this prairie land¬ 
scape, their aesthetic, economic and biological val¬ 
ues are large compared to their aerial extent (Noble 
and Winokur 1984). Many species of plants and 
animals occur only in habitat provided by F. penn¬ 
sylvanica woodlands. For example, Faanes (1984) 
recorded 47 species of breeding birds in western 
North Dakota woodlands, 22 of which were neo¬ 
tropical migrants. Of the 81 species of birds ob¬ 
served in F. pennsylvanica woodlands by Rumble 
and Gobeille (1998), 65 require woodland habitat. 
Lesica (1989) lists several vascular plant species 
occurring in eastern Montana only or primarily in 
F. pennsylvanica woodlands. 

Unfortunately, evidence from throughout the 
Northern Great Plains suggests that tree recruitment 
has declined in many F. pennsylvanica woodlands 
(Boldt et al. 1978; Lesica 1989). Woodlands with 
dense, stratified canopies and undergrowth domi¬ 
nated by native shrubs, graminoids, and forbs are 
being replaced by open canopy communities with 
few tall shrubs in the understory and a ground layer 
dominated by introduced sod-forming grasses 
(Hansen and Hoffman 1988). Many native animals 
decline as woodlands become more open. Bird den¬ 
sity and diversity was lower in these open-canopy 
stands in northwestern South Dakota (Hodorff et al. 
1988; Rumble and Gobeille 1998). Deer mice 
(Peromyscus maniculatus ), white-footed mice 
(Peromyscus leucopus) and woodrats (Neotoma ci- 
nerea) occurred more commonly in closed-canopy 
stands, while no mammalian species was more 
common in the open stands (Hodorff et al. 1988). 


It is imperative to maintain existing closed can¬ 
opy F. pennsylvanica woodlands and restore open 
stands in order to maintain biological diversity of 
the Northern Great Plains. Management and resto¬ 
ration of these woodlands hinges on understanding 
tree recruitment. Fraxinus pennsylvanica reproduc¬ 
es from seed and by vegetative sprouting from the 
tree base (Hansen et al. 1984; Uresk and Boldt 
1986; Lesica 1989; Sieg and Wright 1996). How¬ 
ever, the past and present importance of these two 
modes of recruitment in native woodlands is not 
known. In this study I measured current levels of 
vegetative and seedling recruitment in relation to 
current stand condition to help determine what en¬ 
vironments are conducive to recruitment. I also ob¬ 
tained age-class distributions from increment core 
data to gain insight into past recruitment regimes. 
Results are used to develop restoration and man¬ 
agement strategies. 

Study Sites 

I conducted my study at six sites in Custer, Daw¬ 
son, Fallon, McCone, Prairie and Wibaux counties 
in east-central Montana (Fig. 1). Elevations of the 
study sites range from 745 m at Fort Peck to 1005 
m at Cedar Creek. Soils are derived from soft sand¬ 
stones, siltstones and claystones of the late Creta¬ 
ceous Fort Union Formation (Veseth and Montagne 
1980). Climate of the study area is semi-arid and 
continental. Mean annual precipitation ranged from 
29 cm at Fort Peck to 41 cm between Baker and 
Wibaux (USDA-SCS 1981). Mean January mini¬ 
mum and July maximum temperatures at Terry in 
the center of the study area were —18° and 31°C 
respectively (NOAA 1982). Mean annual precipi¬ 
tation for the study areas was derived from a map 
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Fig. 1. Location of six study sites in east-central Mon¬ 
tana: (1) Rattlesnake Butte, (2) Cabin Creek, (3) Wibaux, 
(4) Bible Camp, (5) Fort Peck, (6) Cedar Creek. 


of precipitation isohyetal lines for Montana for the 
period 1941-1970 (USDA-SCS 1981). 

Upland vegetation of the study area is steppe 
dominated by Artemisia tridentata ssp. wyomingen- 
sis Beetle and Young and perennial grasses includ¬ 
ing Stipa comata Trin. and Rupr., Agropyron smithii 
Rydb. and Bouteloua gracilis (H. B. K.) Griffiths 
Woodland vegetation dominated by F. pennsylvan- 
ica occurs in narrow bottomlands along ephemeral 
drainageways dissecting the uplands. These 
“woody draws” often occur at the head of drainage 
basins but may be found along channels farther 
downstream as well. 

Species Description 

Fraxinus pennsylvanica is a small, dioecious, de¬ 
ciduous tree to 20 m tall and 50 cm in diameter in 
Montana. It is shallow rooted and common along 
streams and in floodplains and other bottomland 
habitats from Nova Scotia to Alberta south to Texas 
and Florida (Great Plains Flora Association 1986; 
Farrar 1995). Fraxinus pennsylvanica is reported to 
have a short-lived seed bank (Farrar 1995). Seed¬ 
lings grow equally well in sun or shade (Borger and 
Kozlowski 1972). Wood is hard and was extensive¬ 
ly cut for firewood, especially in the prairie states 
(Peattie 1953). Maximum age is thought to be ca. 
100 years (Farrar 1995) Montana plants are some¬ 
times considered to be var. lanceolata or var. sub- 
integerrimus, but these varieties are now considered 
of little taxonomic value (Great Plains Flora As¬ 
sociation 1986). 


Methods 

Field methods. I sampled 17 stands among the 
six study sites. Stands were stratified by county and 
selected randomly from a list of stands managed by 
the USDI Bureau of Land Management. Only 
stands more than 2 ha in extent with Fraxinus 
pennsylvanica canopy cover reported to be at least 
40% were included in the original pool of stands. 

After thorough reconnaissance, I subjectively lo¬ 
cated a 50 X 20 m sample plot to represent each 
stand. I estimated total tree canopy cover with a 
spherical densiometer at 12.5 and 37.5 m along the 
center line of each plot. I also recorded ocular es¬ 
timates of canopy cover of all woody plants and all 
herbaceous plants with cover of 1% or more. Vas¬ 
cular plant nomenclature follows Great Plains Flora 
Association (1986). 

In each plot I recorded the total number of trees 
equal to or greater than 2 m high into five 10-cm 
size classes by species. I tallied all trees in the sam¬ 
ple plot into size classes and noted the presence of 
multiple stems and trunk sprouts (shoots arising 
vegetatively from the tree base) for all trees. Den¬ 
sity of tree seedlings (stems <2 m tall and <10 yrs 
old not arising from an older plant) was estimated 
from four 20 m 2 or 50 m 2 circular subplots equi¬ 
distant along the macroplot center line. Larger sub¬ 
plots were used when seedling density was low. 

I obtained the age, diameter and height of one 
randomly chosen sample tree of each species in 
each size class in each quarter-section of each plot. 
I estimated the height of sample trees to the nearest 
0.5 m with a 3-m gauging pole. Diameter was mea¬ 
sured to the nearest 1 cm with a tape. Age was 
obtained from increment cores taken at 0.5 m above 
ground level. The number of annual rings was 
counted using a 10-20X microscope with cross¬ 
dating to help assure accuracy (Stokes and Smiley 

1996) . This method could underestimate the true 
age if tree stems were less than 0.5 m for one or 
more years. Several sample trees had rotten centers, 
and age could not be determined. Diameter of mul¬ 
tiple-stem trees was calculated as the diameter of a 
single-stem tree of equivalent basal area. 

Data analysis. Stand-level basal area of tree spe¬ 
cies was estimated by assigning the midpoint of 
each diameter size class to all trees in that class. I 
used the coefficient of variation (cv, standard de¬ 
viation/mean) as a measure of how evenly distrib¬ 
uted tree ages were within stands. 

I ordinated common species and stands using 
Detrended Correspondence Analysis (DCA; Gauch 
1982; Rasmus 2000) to elucidate environmental 
gradients important to recruitment. Canopy cover 
estimates of all species present in at least five 
stands were used as input (McCune and Mefford 

1997) . 

I used regression analysis to test the significance 
of associations between precipitation and vegeta¬ 
tion (DCA score) and the proportions of trees with 
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Table 1. Frequency of Occurrence, Mean Percent Canopy Cover and DCA Axis 1 Scores for Common (Fre¬ 
quency >25%) Species in 17 Sample Stands. 



Frequency 

% cover 

DCA score 

Trees 

Acer negundo 

7 

2 

233 

Fraxinus pennsylvanica 

17 

37 

120 

Shrubs 

Amelanchier alnifolia 

7 

1 

211 

Primus americana 

6 

1 

226 

Prunus virginiana 

15 

16 

243 

Ribes setosam 

12 

<1 

20 

Rosa woodsii 

10 

1 

-18 

Symphoricarpos occidentalis 

14 

12 

26 

Toxicodendron rydbergii 

6 

1 

138 

Graminoids 

Agropyron repens 

5 

3 

81 

Bromus inermis 

7 

9 

-91 

Bromus japonicus 

6 

8 

24 

Carex sprengelii 

5 

14 

323 

Poa pratensis 

15 

26 

-14 

Forbs 

Achillea millefolium 

5 

<1 

-26 

Arctium minus 

6 

1 

269 

Cystopteris frag il is 

6 

<1 

288 

Disporum trachycarpum 

6 

<1 

169 

Galium aparine 

11 

1 

289 

Galium boreale 

6 

<1 

161 

Hackelia deflexa 

6 

<1 

162 

Monarda fistulosa 

5 

<1 

27 

Ranunculus abortivus 

6 

<1 

273 

Smilacina stellata 

10 

2 

158 

Smilax herbacea 

7 

<1 

120 

Taraxacum officinale 

8 

4 

12 

Thalictrum spp. 

10 

<1 

252 

Viola canadensis 

5 

<1 

69 


trunk sprouts and multiple stems and between seed¬ 
ling density and precipitation, vegetation and cv of 
tree age. I used Analysis of Variance (ANOVA) to 
test the effect of the presence of multiple stems and 
trunk sprouts on tree age and size. Mixed models 
included site and an interaction term as factors. The 
main effect was tested against the interaction term 
when the latter was significant (P < 0.10). 

Results 

Stand descriptions. Fraxinus pennsylvanica 
woodlands had total tree canopy cover of 18% to 
73% with a mean of 45%. Fraxinus pennsylvanica 
was the dominant tree in all stands. Basal area 
ranged from 5.6 m 2 /ha to 37.5 m 2 /ha with a mean 
of 14.9 m 2 /ha, and mean canopy cover was 37% 
(SE = 4%). Acer negundo L. (boxelder) occurred 
in six stands with a mean basal area of 2.2 m 2 /ha 
and mean canopy cover of 7%. Ulmus americana 
L. (American elm) occurred in three of the four 
easternmost stands with a mean basal area of 5.7 
m 2 /ha and a mean canopy cover of 22%. 

Fraxinus pennsylvanica trees were 2.0 to 14.5 m 


tall with a mean of 7.0 m (N = 204, SE = 0.2 m) 
and basal diameters of 2.5 to 65 cm with a mean 
of 23 cm (n = 227, SE = 1 cm). Ulmus americana 
occurred in three sample stands at the Wibaux and 
Bible Camp sites. Diameter of U. americana ranged 
from 7 cm to 68 cm with a mean of 25 cm (N = 
20, SE = 3 cm). Height varied from 5 m to 14 m 
with a mean of 9 m (SE = 0.5 m). I sampled only 
10 Acer negundo trees, all of which were at the 
Cabin Creek and Wibaux sites. Diameter ranged 
from 20 cm to 50 cm with a mean of 30 cm (n = 
10, SE = 3 cm). Height ranged from 6 m to 13 m 
with a mean of 8 m (n = 8, SE = 1 m). 

Detrended Correspondence Analysis (DCA) 
identified one strong gradient; axis 1 accounted for 
64% of the variation in species composition. Spe¬ 
cies with low scores for DCA axis 1 included in¬ 
troduced rhizomatous grasses, Bromus inermis 
Leyss. and Poa pratensis L. as well as the low 
shrubs, Symphoricarpos occidentalis Hook, and 
Rosa woodsii Lindl. The weedy forbs, Achillea mil¬ 
lefolium L. and Taraxacum officinale Weber also 
had low scores (Table 1). Species at the high end 
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Age of trees 

Fig. 2. Age distribution of Fraxinus pennsylvanica at six study sites in east-central Montana. 


of DCA axis 1 include the tall shrubs Prunus vir- 
giniana L., P. americana Marsh and Amelcinchier 
alnifolia Nutt. The highest score was assigned to 
Carex sprengelii Dewey, a native graminoid. Com¬ 
mon forest species, Galium aparine L., Cystopteris 
fragilis (L.) Bernh., Ranunculus abortivus L. and 
Thalictrum spp. and the mesic-loving exotic, Arc¬ 
tium minus Bernh., also had high scores (Table 1). 
Stands with high DCA scores had higher mean an¬ 
nual precipitation (R 2 = 0.26, P = 0.036). Canopy 
cover of tall Prunus spp. ranged from 0% to 65% 
and was negatively correlated with the canopy cov¬ 
er of introduced rhizomatous grasses which ranged 
from 0% to 86% (r = 0.58, P = 0.016). Higher 
DCA scores were associated with lower canopy 
cover of exotic species (R 2 = 0.80, P < 0.001), and 


a model with both precipitation and cover of ex¬ 
otics explained 86% of the variation in vegetation 
(P < 0.001). 

Recruitment. Fraxinus pennsylvanica, Ulmus 
americana and Acer negundo all reproduced both 
vegetatively and from seed in study plots. However, 
sample sizes were large only for F. pennsylvanica, 
so results and discussion will be limited to this spe¬ 
cies. 

Age distributions of F. pennsylvanica trees in¬ 
dicate that most stands were not even-aged, and 
recruitment was sporadic (Fig. 2). A disproportion¬ 
ately large number of F. pennsylvanica trees in 
sample stands were 60-75 years old. Over all sites, 
39% of the F. pennsylvanica trees regenerated in 
















290 


MADRONO 


[Vol. 48 


the 15-year period of 1926-1940. Only 27% (n = 
173) of the F. pennsylvanica trees sampled were 50 
years or younger, and only 3% were 100 years or 
older. 

An average of 33% of F. pennsylvanica trees in 
study stands had live sprouts at their base, and 30% 
had more than one bole, indicating that they arose 
as basal trunk sprouts. Sprouting trees were larger 
than trees without sprouts with a mean diameter of 
24 cm (SE = 1 cm) compared to 20 cm (SE = 1 
cm; Fj 206 = 8.7, P = 0.003). However, the mean 
age of sprouting and non-sprouting trees did not 
differ (P = 0.296). Multi-stem trees averaged 64 
years (SE = 3 yrs) compared to 58 years (SE = 2 
yrs) for single-stem trees (F U58 = 4.0, P = 0.05). 
The abundance of multi-stem and sprouting trees 
was not associated with vegetation (P > 0.62). 

Fraxinus pennsylvanica seedlings were uncom¬ 
mon in most stands. Mean number of seedlings per 
100 m 2 was 10 (SE = 5). Nine of 17 stands (53%) 
had one or fewer seedlings per 100 m 2 , and seed¬ 
lings were entirely absent from sample plots in five 
stands. There was no association between mean an¬ 
nual precipitation and seedling density (R 2 = 0.02, 
P = 0.58). However, higher seedling density was 
associated with more mesic vegetation (high DCA 
axis 1 scores; R 2 = 0.23, P = 0.05), and this as¬ 
sociation was due more to a positive correlation 
with canopy cover of Prunus spp. (r = 0.71) than 
a negative correlation with exotic rhizomatous 
grasses (r = —0.39). Stands in which tree ages were 
more evenly distributed (as measured by the coef¬ 
ficient of variation for age) tended to have more 
seedlings (R 2 = 0.22, P = 0.06). 

Discussion 

The age structure of Fraxinus pennsylvanica 
stands indicates that recruitment in the second half 
of the past century has been low relative to the first 
half. Nearly 75% of F. pennsylvanica trees in sam¬ 
ple stands were 50 years or older. Fraxinus penn¬ 
sylvanica stems rarely persist more than 100 years 
on the Northern Great Plains (Butler and Goetz 
1984; Girard 1985; Hansen et al. 1984; Hansen and 
Hoffman 1988; Farrar 1995; Sieg 1991) so density 
of F. pennsylvanica stems will decline by 50% over 
the next 50 years under current levels of recruit¬ 
ment. 

Sprouting from the base of the trunk is an im¬ 
portant mode of reproduction in F. pennsylvanica. 
A minimum of 30% of the trees in our sample 
stands arose as basal trunk sprouts, and vegetative 
reproduction occurred regardless of differences in 
associated vegetation. Although sprouting ability 
may be a function of tree size, younger trees were 
not more likely to sprout than older trees. More 
than 90% of F. pennsylvanica sprouted after being 
cut in an experiment in North Dakota (Uresk and 
Boldt 1986), although it is not known what pro¬ 
portion of these survived to become trees. 


The large pulse of F. pennsylvanica recruitment 
that occurred between 1926 and 1940 may well 
have been due to trunk sprouting. Many trees were i 
cut down by the large influx of homesteaders dur¬ 
ing the years of 1900-1918 (Malone and Roeder 
1976). Starting around 1920 a decline in farm pric¬ 
es and a series of severe droughts led to a rapid 
reduction in the rural population (Malone and Roe¬ 
der 1976) and a concomitant lessening of wood¬ 
cutting and livestock numbers (Lee and Williams i 
1964), undoubtedly leading to lower woodcutting 
and grazing pressure. Interviews with long-time 
residents indicate that fire was not a significant fac¬ 
tor (Lesica and Atthowe 2001). However, F. penn¬ 
sylvanica may have responded directly to the 
drought conditions of the mid-1920’s and 1930’s by 
dying back to the ground and resprouting (Albert¬ 
son and Weaver 1945). It is conceivable that whole 
stands rejuvenated during this time by trunk sprout¬ 
ing alone. However, it seems unlikely that F. penn¬ 
sylvanica woodlands can persist over the long term 
relying solely on vegetative reproduction to provide 
a tree canopy. 

Fraxinus pennsylvanica stands with higher den¬ 
sities of tree seedlings tended to have a greater ar¬ 
ray of tree ages, suggesting that steady recruitment 
from seed produced more uneven age structures 
than sporadic vegetative recruitment following 
drought, woodcutting or fire. However, F. pennsyl¬ 
vanica seedlings were uncommon in most stands 
and entirely absent from five of 17 sample plots. 
Lack of recruitment from seed during the past 50 
years or longer has probably contributed to the 
skewed age distributions of most sample stands. 

Fraxinus pennsylvanica woodland vegetation oc¬ 
cupied a gradient from stands dominated by sun- 
loving, exotic grasses, grassland forbs and low 
shrubs to those with more closed understories dom¬ 
inated by Prunus virginiana, P. americana , Ame- 
lanchier alnifolia, Carex sprengelii and shade-lov¬ 
ing forbs. Several other researchers have observed 
the same gradient in Montana and the Dakotas 
(Butler and Goetz 1984; Girard et al. 1987; Hansen 
and Hoffman 1988; Hodorff et al. 1988; Lesica 
1989; Vorhees and Uresk 1992). Recruitment of 
tree seedlings was higher beneath more closed un¬ 
derstories. The gradient defined by DCA axis 1 was 
associated with increasing mean annual precipita¬ 
tion, and decreasing canopy cover of exotic species. 
Abundance of exotics is frequently associated with 
level of disturbance, especially by livestock (Parker 
et al. 1993; Kotanen et al. 1998; Smith and Knapp 
1999). Woodlands receiving more precipitation 
may be more resilient to grazing disturbance (Fah¬ 
nestock and Detling 1999). Assuming that canopy 
cover of exotic species is a surrogate for distur¬ 
bance, these results suggest that drought stress and 
overgrazing disturbance work in concert to favor 
stands with a more xeric, meadow-like understory, 
less conducive to tree seedling recruitment. 

The association between density of seedlings and 
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more mesic, less disturbed stands characterized by 
a high canopy cover of Prunus spp. and lower 
abundance of rhizomatous grasses suggests that re¬ 
cruitment of F. pennsylvanica from seed may de¬ 
pend on facilitation by a tall shrub understory. Re¬ 
duced vigor of sod grasses associated with shading 
by a healthy shrub layer would likely mean more 
safe sites for tree seedlings (Albertson and Weaver 
1945; Petranka and McPherson 1979; Van Auken 
and Bush 1997). In addition, F. pennsylvanica 
seedlings are very shade-tolerant (Borger and Ko- 
zlowski 1972), so interference from the P. virgini- 
ana canopy may be minimal. Tree seedlings may 
also experience a more humid environment and less 
herbivory under a shrub canopy (Callaway 1992, 
Werner and Harbeck 1982). The relationship be¬ 
tween P. virginiana and tree recruitment could be 
pivotal to succession from a meadow/low shrub 
community to F. pennsylvanica woodland. Facili¬ 
tation of F. pennsylvanica recruitment by Prunus 
species in these woodlands is plausible but requires 
experimental study for verification. 

Recruitment of trees both vegetatively and from 
seed has been important in F. pennsylvanica wood¬ 
land dynamics in the past. Rejuvenating open green 
ash woodlands is likely best accomplished by en¬ 
couraging tree recruitment through both of these 
modes. Uresk and Boldt (1986) rejuvenated west¬ 
ern North Dakota F. pennsylvanica woodlands by 
cutting decadent trees. Nearly all the trees sprouted 
after cutting. Prescribed fire may also be useful in 
encouraging vegetative recruitment of trees; low- 
intensity experimental burns induced sprouting of 
F. pennsylvanica in northwestern South Dakota 
(Sieg and Wright 1996). Burning and/or cutting old, 
diseased trees with sparse canopies could eventu¬ 
ally create stands with greater canopy leaf area 
once the sprouts have matured. Tall shrub densities 
may also increase in stands exposed to fire (Zim¬ 
merman 1981). Shadier habitat of stands rejuvenat¬ 
ed by cutting or fire should encourage seedling re¬ 
cruitment by reducing the vigor of rhizomatous sod 
grasses. However, fire could increase the abundance 
of exotic grasses in the short term by decreasing 
shade and increasing nutrient availability (Blair 
1997). 

These proposed restoration methods need to be 
tested in controlled experiments with livestock 
grazing excluded. Cattle will use woodland habitat 
heavily during the growing season (Boldt et al. 
1978), resulting in lower canopy cover of tall 
shrubs (Butler and Goetz 1984; Hansen and Hoff¬ 
man 1988). Tree sprouts grew taller, and survival 
of planted F. pennsylvanica, Prunus virginiana and 
P. americana was higher in ungrazed stands com¬ 
pared to stands grazed by cattle (Uresk and Boldt 
1986). Further studies on the effects of tall shrubs 
and fire on seedling recruitment are needed. 
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